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Abstract  
In this paper, migration of supercritical CO2 in porous media under conditions of saline aquifers is numerically simulated 
using lattice Boltzmann method (LBM). A new LBM model has been proposed to minimize the unphysical interfacial current. 
Using the newly formulated LBM model, buoyancy-driven two phase flow past through body centered sphere beds, as the 
simplified geometries of porous media, and also real rock geometry obtained by Micro-CT scanner is numerically simulated. 
CO2/saline-water properties under conditions of CO2 storage in saline aquifers are used in the simulation. Through the simulation, 
the effects of different parameters including bond number, contact angle, viscosity ratioand porosity of porous media are 
analyzed and discussed. 
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1. Introduction 
Geological storage of CO2 in saline aquifers is presently one of the most promising technologies for reducing the 
emissions of CO2 into the atmosphere [1].So far, numerical investigations of CO2 transport in porous media have 
been conducted using two different types of models, i.e. continuum field-scale models [2-4] and pore-scale models 
[5-7]. The continuum field-scale models have been widely used, especially in industry, due to the higher 
computational efficiency. However, these models can only provide information under average conditions and rely 
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heavily on the knowledge of the effective properties of the rock such as relative permeability and capillary pressure 
functions, which depend critically on the geometry and topology of the pore space and the interaction between the 
fluids and the pore boundaries. Thus, it is necessary to conduct the pore-scale modeling such as network models [5,6] 
to identify key parameters or physical processes that control macroscopic phenomena but which are not captured by 
continuum field-scale models. Additionally, the conduction of the pore-scale modeling can provide values for 
constitutive parameters needed in the continuum models through up-scaling of the pore-scale results [7,8]. Network 
models use a network of discrete pores connected by uniform throats to approximate a porous structure. Recently, 
LBM [7,9,10] has been used to carry out the simulation of the detailed flow physics in the pore. Such models are 
advantageous over the network models being capable of incorporating the exact pore geometry and topology.  
In this paper, a new LBM methodis developed to combine the LBE of Zheng et al. [11,12] for interface capturing 
with the LBE of He et al. [13] for velocity and pressure fields. Using the newly formulated LBM model, buoyancy-
driven two-phase flow past through porous media is numerically simulated. CO2 and saline-water properties under 
conditions of CO2 storage in saline aquifers are used in the simulation.  
2. Methodology 
2.1. LBE for Interface Capturing 
In the diffuse interface modeling with phase-field theory, an interface-capturing equation is formulated to mimics 
the convective Cahn-Hilliard equation [14], 
         (1)  
where and  are the velocity and time respectively; and M is a diffusion parameter named as mobility, is a 
chemical potential, acts as an order parameter to distinguish the different fluids.  
A LBE for interface capturing of Zheng et al. [11] is introduced below to recover the Cahn-Hilliard equation, 
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where, xis the space coordinate;  is discrete velocity vector in the  direction;  is the time step during 
which the particles travel the lattice spacing; is a dimensionless relaxation time; is a distribution function 
for the order parameter , while  is its corresponding equilibrium state,  is a constant 
Eq. (2) was initially proposed to track the interface of two phase flow in 2D [11]. In this study, it isextended to 
solve 3D problem by developing new equilibrium distribution function . On the basis of three-dimensional 
fifteen-velocity (D3Q15) lattice structure[15],  is developed as  
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Where  is the sound speed for an ideal fluid,  is the weighting coefficient in the  direction,  is a 
constant controlling the strength of mobility, .  is computed by . 
2.2. LBE for Velocity and Pressure 
A LBE for velocity and pressure fields of He et al. [13] is introduced to solve the velocity and pressure field,  
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where, F is the force associated with surface tension, is a relaxation time related to fluid kinetic viscosity, and Gis 
the body force. In this study, a "potential form" of the surface tension  rather than the "pressure form" in 
the original model of He et al. [13] is employed in the interfacial force modeling. By this means, parasitic currents 
across the interface of the fluids can be reduced [16]. is the distribution function for pressure and velocity,  
is its equilibrium states given by 
,  (5) 
Hydrodynamic pressure and the macroscopic velocity  are computedby,  
,   (6)  
In order to obtain no-slip velocity conditions at the solid surface of the porous media, a particle distribution 
function bounce-back scheme [17] is used for  and at the solid walls. To study the capillary effect of the 
porous media,  awetting boundary treatment proposed by Yan & Zu [15]is applied in the present simulation.  
3. Numerical Simulation 
3.1. Multiphase Flow in Porous Media with Simplified Geometry 
Fig. 1 shows the computational domain and initial distribution of the two fluids. Saline (fluid A) is located at the 
top half of the computational domain while super critical CO2 (fluid B), which is of relatively lower density, is at the 
bottom, so that the flow is driven by buoyancy. The computational domain is divided into  lattice cells. 
All the boundaries of the computational domain are periodic.  
 
 
 
 
Fig. 1. Computational domain and 
initial distribution of two fluids: (green: 
solid; blue: CO2; clear: saline water.) 
Fig. 2. Three phase contact line: 
effects of contact angle (Bo=162, 
φ=0.39, , t*=26.53) 
Fig. 3. Variation with time of volumetric 
flow rate: effects of viscosity ratio. (Bo=162, 
φ=0.39, θ=30o) 
 
Non-dimensional parameters, including porosity , bond number 2( ) /A B ABBo gLU U V   , viscosity ratio 
, non-dimensional time and non-dimensional volumetric flow rate  are defined 
for the current study. Here,Lis the width of the computational domain. To be consistent with the CO2/saline-water 
properties [18] under conditions of CO2 storage, the ranges of parameters considered in the present study are
, , and   respectively. 
The effects of contact angle from 0o to 30o on the two phase flow are studied with Bo=162, φ=0.39, 
. To check the effects of contact angle, three phase contact lines are plotted at a specific region as 
shown in Fig. 2. For contact angles of 0oand 10o, the interface of the two fluids have detached from the solid wall 
due to the relative lower contact angles. While, for θ=20o and θ=30o, there are still small contact regions between 
CO2 and the solid surface, when the obtained contact angles agree well with those of the initial setting. 
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The effects of viscosity ratio on the fluid behavior are studied by performing a series of simulations with various 
viscosity ratios ( = 4, 6, 8, 10, respectively) when the Bond number, porosity and contact angle are fixed at 
Bo=162, φ=0.39, θ=30o. During the simulation, the viscosity of saline is fixed and that of CO2 is adjusted to achieve 
the suitable viscosity ratio. It is found that CO2 in higher viscosity ratio case travels faster as shown Fig. 3, where 
variations with time of volumetric flow rates for different viscosity ratio are plotted. This is due to the lower 
viscosity drag force acting on the fluids in the higher viscosity ratio case.  
 
 
(a) φ=0.87;             (b) φ=0.69;  (c) φ=0.39;              (d) φ=0.18;  
 
Fig. 4. Distribution of saline water and CO2: effects of porosity. (Bo=162, θ=30o, 
, t*=12.25) 
Fig. 5. Variation with time of volumetric 
flow rate. (φ=0.39, θ=30o,  ) 
 
Figs. 4(a-d) shows the distribution of saline-water and CO2 at t*=12.25 for porosities of 0.87, 0.69, 0.39 and 0.18 
respectively when Bond number, contact angle and viscosity ratio are fixed at Bo=162, θ=30o, . 
Obviously, the fluids move faster in porous media with higher porosity. As shown in Fig.5, an interesting 
phenomenon observed is that the volumetric flow rate in porous media of φ =0.18 is very small at the early stage of 
the evolution and decreases with time, approaching zero after a long time. In other words, CO2is confined in the 
porous media. 
 
  
(a) t=400s;                                              (b)t=500s 
Fig. 6. Digital image of a rock 
reproduced by the CMT. 
Fig. 7. Evolution of phase distribution with brine saturation of 0.79 (green: solid; blue: 
supercritical CO2; clear: saline water). 
3.2. Towards the modelling of CO2 migration in real rock geometry 
The sandstone rocks from Bramhope[19]are studied. Samples of the rocksare scanned using the X-ray computed 
micromotography (CMT) and digital imageswith a size of 1mm×1mm×1mm are produced, an example of which is 
shown in Fig. 6. It is assumed that the fluid flow through rocks is laminar and fluid parameters used in the LBM 
simulationsare: ρbrine/ρCO2 =2, μbrine/μCO2 =8 and contact angle is set as 30o.The fluidsflow is driven by the pressure 
gradient and gravity along the vertical (upward) direction and the periodicboundary condition is imposed on the top 
and bottom faces. Two layers of voids are added on top and bottom faces to enable the boundary conditions to be 
applied. Theside surfaces are made symmetric boundary conditions. Fig. 7 shows the preliminary results of time 
dependent phase distributions when the situation of brine=0.79. 
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Conclusions 
In this paper, migration of supercritical CO2 in porous media under conditions of saline aquifers is numerically 
investigated using LBM. A new LBM method has been developed. This model is capable of being consistent with 
the Cahn-Hilliard equation, reducing parasitic currents and meanwhile simulating multiphase flows with moderate 
density ratios. Using the newly formulated LBM model, buoyancy-driven two phase flow past through a porous bed 
formed by spherical beads is numerically simulated. CO2 and saline-water properties under conditions of CO2 
storage in saline aquifers are used in the simulation. Through the simulation, the effects of different parameters 
including bond number, contact angle, viscosity ratio and porosity of porous media have been analyzed and 
discussed. Moreover, the "residual trapping" phenomena have been observed under suitable conditions. 
It should be pointed out that, in the present study, two phase flows in some simplified homogeneous porous 
media geometries have been simulated. And it is also found that the flow phenomena in the real rock geometry are 
more complicated. The LBM simulation for the CO2 migration in the rock pore structure has been initially simulated 
and more detailed simulation and analysis will be carried out in the near future.  
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